Purpose : The effect of detectability/location of meiotic spindle to fertilization of human MII oocytes and outcome of clinical IVF/ICSI-ET cycles was studied. Methods : The location of spindle relative to polar body positioned to 6 o'clock was detected with polscope prior to ICSI in oocytes. Data of 83 IVF/ICSI-ET cycle, including pregnancy results, and a total of 1033 oocytes examined were analyzed retrospectively. Results : Polar body position does not always accurately predict spindle position. Similar fertilization was observed in the polscope detected and in the control group. The main number of oocytes and spindle positive oocytes collected was higher in the pregnant than in the nonpregnant group. Higher fertilization was found in that group where 2/3-d of the oocytes had detected spindle. The main number of oocytes and spindle positive oocytes obtained decreased with increasing age of patients. Conclusions : The presence of birefringent spindle predicts higher fertilization and development and greater probability of pregnancy.
INTRODUCTION
Birefringence is an optical property that derives from the molecular order found in such macromolecules as membranes, microtubules, microfilaments, and other cytoskeletal components (1) . Polarized microscopy (polscope) can be used to visualize and examine the birefringent structures such as spindles noninvasively in living cells. The polscope system is a fully integrated set of microscope peripherials that combine a unique liquid-crystal-based polarized light contrast technology, controlling electronics, imaging algorithms, and easy-to-use software giving a clear, bright, and high contrast viewing of the spindle. CCD technology, liquid-crystal compensator optics and computer algorithms are used to quantify birefringence magnitude (called retardance) and orientation (called azimuth) at every image point in the field of view (2, 3) .
Ovulated oocytes are arrested in metaphase II (MII), at which point a dense array of filaments and bundles form the meiotic spindle. The intact spindle is vital to the alignment and separation of the chromosomes along the metaphase plate so that a proper division of the chromosome pair can occur during egg development (4) . Abnormalities in its integrity may be related to failed or abnormal fertilization, embryo death, spontaneous abortion, and inherited disease. Disruption of the meiotic spindle results in rearrangement of chromosomes in the cytoplasm and may contribute to aneuploidy after fertilization (5) (6) (7) . Aneuploidy is one of the most important reasons of abnormal fertilization, early embryo death, poor embryo development, and spontaneous abortion in human. Environmental factors, such as altered temperature and pH, furthermore oocyte age, can also cause spindle disassembly in mammalian oocytes resulting in disruption of subsequent fertilization, embryo development, implantation, and fetal development (5) (6) (7) .
The meiotic spindle is highly birefringent; therefore, its structure can be visualized and examined by the polscope. Polscope has been successfully used to detect and image noninvasively the spindle in hamster oocytes (8) . No detrimental effects on mouse oocyte and/or embryo development was found after exposure to the polscope (9,10). The polscope illuminates cell structures with the same intensity of light and form of polarized light as differential interference contrast (DIC), which has been used for years in embryo manipulation; thus, it should be nontoxic to the oocytes.
Previous studies have shown that the presence of birefringent spindles predicts higher fertilization rates and that the position of the polar body is not an accurate predictor of spindle position in mammalian oocytes (8, (11) (12) (13) . In this study we examined 1) whether spindles in living human oocytes could safely be imaged/examined by the polscope during clinical application of IVF/ICSI-ET and 2) the effect of detectability and location of meiotic spindle to fertilization of human oocytes with ICSI.
MATERIALS AND METHODS

Sources of Human Oocytes Used for Spindle Examination
Oocytes were aspirated from ovaries of patients (n = 83) undergoing controlled ovarian stimulation treatment for IVF/ICSI-ET (14) . The oocyte retrieval was performed by ultrasonographically guided needle aspiration (LOGIQ 500, General Electric, U.S.A) 35 h after the administration of hCG. After retrieval, oocytes were cultured in G-FERT medium (Vitrolife, Sweden) supplemented with HAS (HAS, Vitrolife) for 5-6 h. Prior to the process of ICSI, cumulus cells were removed by pipetting in medium supplemented with 40 IU/mL of hyaluronidase (HYASE, Vitrolife) and then the location of meiotic spindle in the oocyte was determined. Fertilization was assessed 18-24 h after ICSI. The fertilized oocytes were transferred and cultured in 50-µL droplets of G1.2 (Vitrolife) medium covered by mineral oil (Ovoil, Vitrolife) at 37
• C in 6% CO 2 , 5% O 2 plus 89% N 2 with maximal humidity in air.
Spindle Detection in Human MII Oocytes
For spindle examination, each oocyte was placed in a 5-µL drop of G-MOPS medium (G-MOPS, Vitrolife) covered with oil (Ovoil, Vitrolife). The system is composed of a temperature controller, a stage adapter, and the Delta T.C.O. dish with a specially coated glass bottom (Willco-Dish, Willco Wells, the Netherlands). Oocytes were imaged by a Nikon Diaphot microscope with a video camera, objective lens, and controller, combined with a computerized imaging analysis system (SpindleView Imaging System, CRI, Great Britain). In each oocyte, the location of the spindle relative to the polar body positioned to 6 o'clock (holding pipette was positioned to 9 o'clock relative to polar body) was detected and recorded.
Statistical Analyses
The results are reported as M ± SD. Analyses of variance (ANOVA) test was used for analyses of the quantitative variables. Chi-square test was used for qualitative variables. The significance level was set at 0.05. The analyses were carried out using Statistica for Windows (15) .
RESULTS
Spindle Examination in Human MII Oocytes
The spindle was detected in 320 oocytes out of 428 (320/428; 74.7%). The results of our investigation focused on monitoring the position of spindle in the oocyte (n = 428) are summarized in Table I . Our results indicate that in 66% of the oocytes the spindle was positioned either at 6 or 12 o'clock (holding pipette was positioned at 9 o'clock) (211/320). In 23% of the oocytes (74/320), the meiotic spindle was detected either at 3 or 9 o'clock. The spindle was found in the polar body in 9.7% of the oocytes (31/320). In 1.3% of the oocytes no polar body was present; however, the spindle could be visualized (4/320).
In the spindle positive group of oocytes (n = 320) we observed 73.4% (235/320) fertilization rate after ICSI, which was not different from the result of the control (no spindle detection was done) group (68%; 67/98). In the frame of 83 IVF/ICSI-ET cycles, a total of 605 oocytes were examined for the presence of meiotic spindle. Thirty-eight out of 83 IVF/ICSI-ET programs resulted either in biochemical (14/38; 37%) or in clinical (24/38; 63%) pregnancy, giving a total of 45.7% pregnancy rate (38/83), out of which the clinical Comparing the average number of oocytes obtained, we found difference between the clinically and biochemically pregnant and the nonpregnant groups of patients (M ± SD, 8.88 ± 3.25 and 8.14 ± 3.30 vs. M ± SD, 6.4 ± 3.90 respectively, p < 0.02). Difference was also found in the average number of spindle positive oocytes between the clinically and biochemically pregnant and the nonpregnant groups of patients (M ± SD, 5.83 ± 2.08 and 5.21 ± 2.22 vs. M ± SD, 3.31 ± 2.57, respectively, p < 0.001) (Table II. ).
Comparing the number of oocytes and number of spindle positive oocytes obtained in different groups of patients, correlation was found between them and the age of patients (Fig. 1) . The average number of oocytes and spindle positive oocytes collected decreased with increasing age of patients.
DISCUSSION
In mammalian oocytes the meiotic spindle is a potentially fragile structure that is quite sensitive to environmental changes (e.g., pH, temperature, etc.). Therefore, disruption of the spindle architecture easily may have arisen during in vitro manipulation (5) (6) (7) (16) (17) (18) (19) (20) . A preliminary pilot study (data not shown) based on mouse oocytes indicated that treatment with sub-optimal temperature has an effect on the spindle visualization. We found that suboptimal temperature first increased the birefringence of the spindle, then the spindle became completely undetectable. Disruption of the spindle architecture led to elevated birefringence first, which later disappeared as the spindle structure broke up completely. Liu et al. found that an increase in the birefringence can also be an early sign of oocyte activation (10) . They observed that polar body extrusion and pronuclear formation induced changes in the structure of microtubules increasing the retardance of spindle in artificially activated mouse oocytes. Wang and Keefe found that the spindle images obtained with polscope in living oocytes are coordinate with those in fixed oocytes as imaged by confocal microscopy (17) . They recommend spindle images with polscope to select chromosomally normal good-quality oocytes for IVF. Wang et al.'s (16) results indicate that the presence of birefringent spindles could predict higher fertilization and developmental rates (11) . Our results support their observation since we found higher chance for fertilization in the group of patients with high percentage of spindle positive oocytes (2/3 of the total number of oocytes) detected/imaged. In the nonpregnant group the average number of oocytes with spindle was lower than that of biochemically or clinically pregnant groups. Comparing the number of oocytes obtained, we found differences in the oocyte production between pregnant and nonpregnant groups.
In our study, comparing the fertilization and pregnancy rates of different groups of patients with high or low percentages of spindle positive (oocyte with detected spindle) or negative (no spindle was detected) oocytes, we found that from the patients with higher percentage of spindle positive oocytes more became pregnant than from those with low percentage of spindle positive oocytes. Our results support the observations of others that the presence of a birefringent spindle in human oocytes could predict a higher fertilization rate and a greater probability of embryo development (11, 12) . Thus, spindle visualization (spindle-based selection of oocytes) can help differentiate oocytes, and the presence of spindle can serve as an early indicator of oocyte viability (11, 16, 21) . However, the relative position of the spindle within the oocytes does not appear to influence the developmental potential of embryos (12) .
Studies have shown that the spindle is not, as had been assumed, always adjacent to the polar body (11, 13, 22) . Generally, the proportion of oocytes in which the spindle is significantly displaced is low and the displacement is not necessarily associated with poor oocyte and embryo development. Our results indicate that the polscope is very useful not only for selection of spindle-positive oocytes but also for monitoring the spindle position prior to ICSI, which may reduce spindle and chromosome damage induced by the procedure. Wang et al. found that polar body position could predict the exact spindle position only in a small proportion (about 20%) of oocytes (11) . However, in the practice, the direction of introduction of microinjection pipette during ICSI is determined by the position of polar body. Our results show that just prior to ICSI in almost one fourth of the oocytes the spindle is in the "dangerous zone" since it was found in the "route" of injection pipette at 3 or 9 o'clock. Our results, supporting others' observations, indicate that first polar body position does not always accurately predict spindle position (11, 12, 22) .
Therefore, high degrees of misalignement between meiotic spindle and first polar body predict an increased risk of fertilization abnormalities (13). Rienzi et al. found, however, that in case of normal fertilization the cleavage potential of embryos developing from such oocytes was not impaired (13) .
Battaglia et al., using oocytes of normal volunteers, reported that the proportion of oocytes with abnormal spindles was significantly higher in older than in younger woman and abnormal spindles were associated with abnormal chromosome distribution (21) . Our data support their results, since comparing the age of different groups of patients involved in this study we found correlation between age of patients and number of oocytes obtained and percentage of oocytes with detected spindles (spindle positive oocytes).
In conclusion, our results show that spindles can be noninvasively and safely imaged in living human oocytes with polscope. The spindle view technique can be built in successfully into the clinical IVF/ICSI-ET technology without any deleterious effect to oocyte/embryo development. Our data show that spindle visualization assists not only oocyte selection but ICSI procedure as well. With spindle detection, the quality evaluation of the oocytes and through this the pregnancy results may be improved. Monitoring the position of spindle during ICSI may reduce the possibility of spindle damage and increase fertilization. Further studies are under way to test the hypothesized connection between subtypes/intensities of spindle birefringence and developmental capacity of oocytes/embryos.
